Policy makers and public health practitioners rarely consider public libraries to be part of the health system, even though they possess several characteristics that suggest unrealized potential to advance population health. This scoping review uses an adapted social determinants framework to categorize current health-related work conducted by public libraries in the United States and to discuss libraries' potential as 'meso-level' community resources to improve population health. Our discussion of libraries contributes to scholarship on place-based health disparities, by emphasizing the potential impact of institutions that are modifiable through social policy-e.g., parks, community centers, schools-and which have a conceptually clear or empirically documented relationship to health.
Introduction
Public libraries in the United States are civic institutions that perform critical functions extending far 'beyond books' [1] . However, policy makers and public health practitioners rarely consider libraries to be community-level resources that can advance population health or address health disparities, despite several characteristics that could render them highly effective at doing so [1] . With an estimated 17,000 public libraries nationwide and four million visits each day, [2] libraries have extensive population reach. Furthermore, unlike other service-providing institutions (e.g., medical institutions and certain social welfare institutions), libraries are widely trusted by the public [3] . These factors make them an opportune space for the coordination and delivery of health-promoting services.
This scoping study examined public libraries' potential as a community-level resource for reducing place-based health disparities. The U.S. has some of the largest health disparities in the world: [4] life expectancy varies by up to 20 years between some counties [5] . Within New York City, for example, life expectancy in Brownsville, Brooklyn is 74 compared to 85 in the Upper East Side, [6] a difference equivalent to living in the U.S. versus Brazil [7] . Public libraries are well positioned to address these stark disparities. Libraries are paradigmatic of a community-level resource. Over 95% of Americans live within a public library service area [2] and diverse sectors of the population already use public libraries: in the last year, half of Americans with annual incomes under $30,000 visited a library, as did half of African Americans and nearly two-thirds of Americans with college degrees [3] . Yet unlike parks, transportation, or environmental health [8] , libraries are rarely included in explicit plans to reduce neighborhood level health disparities.
In this scoping study, we first describe the theoretical frameworks that organizes this paper. We then outline ten domains through which libraries in the U.S. currently promote population health (Table 1) . For each domain, we provide examples of past and on-going services provided by U.S. public libraries (Table 2) . Lastly, we examine the opportunities and challenges of using libraries to advance population health.
Theoretical Framework
This review relies on three conceptual frameworks to highlight how institutions can shape population health. First, the social determinants of health framework [33, 34] examines how upstream factors such as unemployment and social exclusion create health inequalities. We adapted this framework to identify how libraries can promote population health (see Table 1 ). Second, we draw on previous work that examined how 'meso-level' factors shape health [35] . Meso-level factors operate between the individual-and structural-level, have an empirically described or conceptually plausible relationship to health, and are potentially modifiable through collective action [35] . The meso-level is relevant because it calls attention to libraries as a modifiable community-level resource that could promote health. Third, this review is grounded in work on place-based health disparities [36] . Because libraries are distributed across myriad jurisdictions (e.g., rural, urban, rich, and poor), they offer an existing structure through which targeted investments in high-disparity areas could be part of a multi-sectoral strategy to promote health and mitigate disparities.
Methods
This is a scoping study [37] , an approach frequently used for areas of research that are new or only poorly delineated in existing literature. The goal of this scoping study was not to conduct a systematic review of the health-related services that public libraries provide or to evaluate the impact of libraries in comparison to other communitylevel institutions that aim to ameliorate place-based disparities: insufficient research exists to accomplish that.
Rather, the goal of this paper is two-fold. First, the goal is to provide an overview of the nature and range of services and programs that libraries provide and second, to trace out a largely unrecognized connection between libraries and health. In doing so, we hope to stimulate further research, including impact evaluations. This scoping study followed a two-step process. First, we explored key social determinants of health based on Marmot's theoretical framework [33, 34] and identified ten relevant factors (see Table 1 ). We then tailored Marmot's theoretical framework to public libraries in the U.S. Specifically, one social determinant identified in Marmot's framework was removed (transport), while two additional determinants of health were added (access to healthcare and disaster response). We also condensed work and employment into a single category.
We then searched PubMed, Web of Science, Psychinfo, and Social Science Citation Index for peer-reviewed research on the contributions that public libraries make to each of the ten domains, using keywords in various combinations (library/libraries, program, intervention, health, wellness, literacy, education, housing, social determinants, services, social inclusion). The authors first reviewed the titles, abstracts and then full manuscripts for relevance and included articles only if they described or evaluated librarybased services in the US. Since a significant portion of libraries' on-going work that impacts health is not included in peer-reviewed literature, we also included a selection of sources from the grey literature, (e.g., stakeholder reports, online media, and libraries' own websites) to more fully capture the range of ongoing programmatic work.
Results

Healthcare Access
Libraries promote access to healthcare in at least three ways, including: provision of direct healthcare services, health information, and linkage to services. Libraries are increasingly used as a space to provide targeted public health promotion and even healthcare, often through partnerships between public libraries, universities, community organizations and local governments. For example, libraries in San Diego, California, partnered with a lesbian, gay, bisexual and transgender (LGBT) community organization, a local church, and the Pacific College of Oriental Medicine to disseminate HIV/AIDS-related information and provide free computer training to 2500 people including patients, community residents, and health professionals [38] Some libraries directly employ medical professionals to provide health services. For example, in 2011, the Pima County Public Library in Arizona partnered with the local public health Provision of health information about specific conditions or how to access care
Services that offer assistance with applying for health insurance [10] Direct provision of health care services Providing influenza vaccines [11] Addiction Emergency response to opioid overdose Staff trained to administer medications such as naloxone following opioid overdose [12] Harm reduction response to substance use Provision of needle collection containers and bandages to drug users [13] Stress Services designed to reduce stress
Classes that teach coping strategies for dealing with stress [14] Stress reduction therapies such as yoga and Tai Chi [15] Food Educational services to promote healthy eating and food literacy Nutrition workshops that teach the preparation of healthy food [16] Direct provision of food Provision of free school meals for children during the summer holidays [17] Early life Services designed to promote wellbeing and learning among young children Play-groups for children under 1 year of age and their caregivers [18] Reading programs for parents and young children [19] The social gradient Services that promote the acquisition of human capital, such as literacy, education and specific qualifications and credentials
Holiday reading programs to promote children's literacy [20] Programs that offer academic-related qualifications such as General Educational Development and English as a Second Language [21] Language and citizenship classes for immigrants [22] Social exclusion Services to reduce social isolation among vulnerable groups
Services that facilitate access to homeless shelters and other services among the homeless [23] Outreach efforts to bring library services to homeless populations through collaborations with homeless shelters [24] Provision of safe spaces for minorities and vulnerable groups such as LGBT youth [25] Play-groups that reduce social isolation by fostering relationships among new parents [18] Work and unemployment Services that provide training for specific occupations Job-training programs including health aides and security guard training [26] Services to assist with job seeking
Resume preparation classes [27] Disaster relief Provide disaster relief services following tornadoes, floods and hurricanes Following hurricanes, libraries have served as evacuation centers offering electricity and internet and providing a space for various disaster relief organizations to deliver their services [28] Provide space to meet and recover during periods of civil unrest
Following the civil unrest in Ferguson Missouri in 2015, the local Ferguson Municipal Public Library provided a space in which local residents could meet, respond and recover [29] Social support Services that facilitate access to existing social welfare and legal services 'Know your rights' that connect immigrants with legal specialists [30] Services that foster social support through cultural and civic events such as concerts, art shows and other projects X-Bowling league for older adults to reduce social isolation [31] Services that promote civic participation Voter registration centers [32] department to employ a public health nurse who provided basic health services such as physical assessments, first aid, and influenza vaccines [11] . Studies show that patrons often use libraries to access health information [39] , particularly in rural areas [40] and among communities that lack home Internet access [41] . With a proliferation of health information available via the internet, public library staff play an increasingly important roles as information navigators, with some libraries employing health-specific librarians and trained staff to provide authoritative health-related resources [15] . For example, public libraries in Delaware employed consumer health librarians to improve the quality of health information available to patrons [41] . Other libraries have assisted patrons with applying for health insurance plans such as the Affordable Care Act [10] . Health information is also provided for children. Libraries in Shreveport, Louisiana provided children from low-income families with a web portal, activities, books and story hour with themes such as general wellness, germ prevention, nutrition, and exercise [42] .
Addiction
In response to the opioid crisis, public libraries across the U.S. have adopted a range of measures to reduce overdose, such as stocking naloxone, a medication that reverses the effects of an opioid overdose [12] . For example, in Humboldt County California, 13 library staff have been trained in administering naloxone, and public librarians in other urban centers will soon be trained [12] . Boston Public Libraries and several libraries in Hawaii provide on-site needle collection containers and bandages for drug users [13] .
Stress
Library services specifically designed to relieve stress include physical activities such as yoga and Tai Chi, [15] meditation, [43] and even coloring sessions [44] . In St Louis, a health-information intervention program with Washington University developed patron-requested programs, which included a stress relief program based on meditation and laughter yoga [14] .
Food
Public libraries host a variety of activities aimed at improving nutrition. This includes classes that teach young people how to prepare healthy food [45] and workshops to teach adults to prepare healthy meals on a budget [14] . The U.S. Department of Agriculture's summer food service program has coordinated with public libraries to facilitate the distribution of 179 million meals to nearly four million children nationwide over the summer months [17] . To make healthy food more available in 'food deserts,' low-income neighborhoods that lack major supermarkets, Baltimore's Health Department launched the Virtual Supermarket Project, whereby library patrons can order groceries online (and can also pay with food stamps) and then pick them up from their local library [46] .
Early Life
Public libraries enhance children's reading skills, social skills, and literacy development, all of which can have lifelong impact on health. Libraries provide readings groups, story-hours, singing groups, crafts, and playtime to help parents and caregivers read to, and play and bond with their young children [47] . Libraries can also connect parents and caregivers of young children with early-year services. For example, Maryland Public Libraries and the State's Department of Education used social marketing campaigns to promote library use among parents of young children [19] .
The Social Gradient
Libraries can build human capital and facilitate economic mobility through the provision of educational services and child and adult literacy programs [48] . An estimated 95% of libraries in the U.S. offer summer reading programs to prevent the 'summer slide' in reading achievement [20] .
Libraries also support human capital development by offering specific courses such as English as a Second Language (ESL), General Educational Development (GED), and citizenship classes. In Austin, Texas, for example, public libraries offer free English language and citizenship classes through the 'New Immigrant Program', which includes a digital 'Newcomers Guide' that provides information about job seeking, access to legal and social services, and starting a new business [22] . Citizenship classes cover topics such as laws, regulations and rights, provide test preparation for the U.S. citizenship exam, and offer free assistance with citizenship-related paperwork [22] .
Social Exclusion
Libraries can address social exclusion among structurally vulnerable groups, from homeless individuals to new parents. In San Francisco, where approximately 15% of library patrons are homeless, the central library maintains a full-time psychiatric social worker and a staff of formerly homeless 'health and safety advocates' to provide homeless patrons with information about welfare services such as meals, shelter and legal aid [49] ; over 150 formerly homeless patrons have been placed in permanent housing and 800 have benefited from other social services [49] . Because homeless people often lack transportation, Denver public libraries have a Community Technology Center team that regularly visit the local day shelter to provide instruction about job interviewing techniques and technology skills and to give participants bus tokens, a tour of the main library, and library cards [50] .
Libraries also mitigate social exclusion by serving as designated safe spaces for vulnerable groups, such as LGBT youth who might feel unsafe at home or on the streets [25] . They can also reduce social exclusion through offering programs to increase acceptance of the LGBT community such as drag queen story hour [51] .
Work and Unemployment
An estimated 90% of public libraries provide services for job seekers, making them a crucial labor market access point [52] . One national survey found that 92% of libraries help people access online job databases and resources, 78% help them create resumes, and 76% assist with online job applications [53] . Services for job seekers vary from assistance identifying available positions to cultivating skills and obtaining qualifications. For example, the Dallas Public Library provides one-on-one assistance with job applications and resumes through its 'Homeless Engagement Initiative.' [54] Some libraries offer training programs for specific occupations. Libraries in New York City train home health aides and security guards and offer Occupational Safety and Health Administration (OSHA) construction certification [26] .
Disaster Relief
Libraries play an important role in responding to natural disasters such as tornadoes, hurricanes and floods [55] . In a study of library services in twelve different communities impacted by tornadoes, post-crisis services included: responding to information inquiries, creating community contact centers, staffing shelters in library buildings, housing city command centers (i.e., police, fire, public works), distributing food and supplies, providing facilities to recharge electronics and communication devices, assisting with the completion of Federal Emergency Management Agency (FEMA), and assistance with insurance claims and other paperwork [55] .
Libraries also serve as spaces to access and disseminate information and services during periods of civil unrest. For example, during the 2015 protests in Ferguson Missouri, when the majority of businesses and organizations were temporarily closed, the Ferguson Public Library remained open for local residents to meet, respond and recover from the civil unrest [29] . In addition, following the killing of a number of Black men by police in the U.S., a library in Minnesota hosted a series of lectures led by local Professors that focused on the historical roots of the Black Lives Matter movement [56] .
Social Support
Libraries foster social support through programs that decrease social isolation. For example, New York City libraries offer an X-box bowling league for older adults and the 'Lifetime Arts' program, which operates across 13 states and 80 public libraries, provides writing, painting, choir, and dancing classes for older adults to decrease social isolation [31] . Libraries also promote social support by linking people to federal, state, and local government assistance. For example, the National Library of Medicine trains local librarians to help patrons navigate social services, welfare and public assistance, health, education, and employment resources [57] .
Libraries can also foster social cohesion through promoting civic engagement. Libraries in the U.S. have long provided spaces for voter registration [58] and for communities to meet to address social justice issues [59] . The Institute of Museum and Library Services (IMLS) encourages libraries to promote civic engagement through their Grants to States program [60] . For example, in an IMLS-funded partnership between the Hartford public library, the University of Connecticut, local government and an organization that support migrants and refugees provided services to promote immigrant civic engagement, including a core group of volunteer immigrants to help newly arrived immigrants with tasks such as accessing community and legal services [60] .
Discussion
Libraries as a Meso-Level Resource
This scoping review has mapped out the ways in which public libraries can advance population health through a range of services and programs that address ten critical social determinants of health. This review suggests that there are unrealized opportunities to mobilize libraries as meso-level resources that address social determinants of health and, in doing so, to ameliorate place-based disparities in population health. By conceptualizing libraries as meso-level resources, we seek to contribute to a growing body of work that enumerates specific, and potentially modifiable, institutions that can advance population health [61] .
Next Steps
There are important next steps to mobilize libraries as partners in addressing place-based health disparities. First, as others have noted, [55] there is a need to systematically evaluate the health-related impacts of specific library-based services. Of the library services described in this paper that pertain directly to health promotion, only one interventionan asthma based education program in Ohio-provided health-related outcome data [62] . Thus, while libraries are actively addressing the social determinants of heath, there is little outcome or evaluation data in the peer-reviewed health literature. Given the crucial role of housing, education, and safety-net services as social determinants of health, this would include assessing the relative efficacy of libraries, in comparison to other community institutions or programs, as locations to promote employment, improve educational outcomes, and engage vulnerable individuals in social welfare services.
Evaluation could be improved both through strengthening existing collaborations with public health researchers, who could assist with or conduct evaluations, and through the creation of evaluation tools that can be used by library staff. Specifically, research examining place-based disparities in library services and funding could help advance understandings of place-based health disparities as part of a broader analysis of community-level services and resources. This could entail developing indexes to measure various kinds of community-level resources such as library access, park equity and transport [63] . Collaborations between public health and libraries could also facilitate the expansion of health services within libraries. This could occur through embedding public health professionals within public libraries and also through training existing library staff to support the implementation of public health interventions, for example organizing outreach initiatives, facilitating discussion groups, or even, as is happening in San Francisco, training in naloxone administration to reverse opioid overdoses. In addition, collaborations between public libraries and federal, state and local government services should be strengthened to expand libraries' role in linking people to social welfare services.
Challenges
There are two primary challenges to libraries' potential to advance population health. First, libraries nationwide face funding cuts and limited hours [64] . President Trump has proposed eliminating the Institute of Museum and Library Services in his FY2019 budget, a move that past ALA President deemed 'counterproductive and short-sighted' because it would undermine job seeker services, summer reading programs, resume writing and job skills workshops [65] . Second, libraries' capacity to advance population health is challenged by issues of equity. Both local and nationwide studies have found that libraries in neighborhoods where residents are poorer and less educated than the national average are more likely to have smaller collections, shorter hours or to be closed [66, 67] . Similarly, libraries in rural areas have smaller collections, less funding and smaller workforces than those in urban areas [68] . Thus, ensuring equality in access to high quality libraries should be an additional objective for public health. This will entail increasing public funding for libraries, particularly in states and counties suffering from particularly acute health disparities.
Conclusion
Libraries' extensive population reach, their access to diverse sectors of the U.S. population, the public trust they command, and their diverse geographic coverage favorably position them as part of a multi-sectoral strategy to advance population health. There are unrealized opportunities for public health researchers, healthcare workers, and policy makers to leverage this potential as part of a coordinated effort to mitigate place-based health disparities.
